Experimental quasi-elastic backscattering and capture (fusion) excitation functions are usually used to extract the s-wave capture probabilities for the heavy-ion reactions. We investigated the 16 O+ 120 Sn, 144 Sm, 208 Pb systems at energies near and below the corresponding Coulomb barriers and concluded that the probabilities extracted from quasi-elastic data are much larger than the ones extracted from fusion excitation functions at sub and deep-sub barrier energies. This seems to be a reasonable explanation for the known disagreement observed in literature for the nuclear potential diffuseness derived from both methods. PACS numbers: 25.70.Jj, 
I. INTRODUCTION
In the investigation of reaction mechanisms between heavy ions, it is very important to know the diffuseness parameter of the nuclear potential between the colliding nuclei, since it affects the height and shape of the Coulomb barrier, and consequently the cross sections of the reaction mechanisms, particularly the capture or fusion process, for which this barrier has to be overcome. There are two very widely used approaches to derive the nuclear diffuseness parameter from experimental data. The first one is the use of fusion data at near barrier energies. The second approach is to extract this parameter from experimental elastic or quasi-elastic backscattering data. Both approaches should lead to the same value of this parameter. However, presently we find in literature large discrepancies in the nuclear potential diffuseness parameter extracted from the two mentioned analyzes as, for example, was found by Mukherjee et al. [1] , Gasques et al. [2] , and Evers et al. [3] . In this work we investigate the reasons for such discrepancies. 
Now, if we use the formula for the capture cross section,
convert the sum over the partial waves J into an integral, and express J by the variable
, we obtain the following simple expression [4, 5]: 
b ) and differentiating over E c.m. , one obtains
From Eq. (6) one can observe that
has a physical interpretation in terms of the s-wave transmission in the entrance channel, and therefore the s-wave transmission probability can be extracted with a good accuracy from the experimental capture cross sections σ cap (E c.m. ) at energies near and below the Coulomb barrier. There are other methods to derive Eq. (6), as it was previously done by Balantekin et al. [8] .
B. Capture probabilities from experimental quasi-elastic backscattering data
Now lets consider the quasi-elastic scattering at backward angles. For reactions involving only tightly bound nuclei at low energies, one can write the direct relationship between capture and backward quasi-elastic scattering probabilities as
This relation is due to the conservation of the reaction flux, since any loss from the backward quasi-elastic scattering channel contributes directly to the capture and vise-versa [4, 5, 9].
For experimentalists, usually it is much easier and simpler to measure quasi-elastic scattering than capture (fusion). By this reason, using Eq. (7) one finds the relation
which is well suited for the extraction of the s-wave capture probability from the experimental quasi-elastic backscattering probability dσ qe /dσ Ru . In Eq. (8) the P qe (E c.m. , J = 0) = dσ qe /dσ Ru was assumed to be the ratio of the quasi-elastic scattering differential cross section and Rutherford differential cross section at 180 degrees [10] . However, experimentally it is not possible to take quasi-elastic data at 180 degrees, but rather at backward angles in the range from 150 to 170 degrees. So, the corresponding center of mass energies have to be corrected by the centrifugal potential at the experimental angle [10] .
III. RESULTS OF CALCULATIONS
From Eqs. (6) and (8) In Fig. 1 (6) and (8)] at energies near the Coulomb barrier, but there is disagreement at deep sub-barrier energies. In Fig. 2 we show the results for the 16 O + 208 Pb system. Now, the deviations are dramatic, even at near barrier energies, and they increase with decreasing energy under the barrier. Figure 3 shows the results for the 16 O + 144 Sm system. Again, one can observe disagreement even at energies not too much below the barrier. The capture probabilities (closed squares) extracted from the experimental capture data [16] were shifted by 1 MeV to the lower energies, in order to try to understand the mismatching between the probabilities extracted from the experimental quasi-elastic backscattering and capture (fusion) data. Indeed, one finds an improvement at near barrier energies, but the disagreement is still important at deep sub-barrier energies.
So, clearly there is a mismatch between quasi-elastic backscattering and fusion (capture) experimental data. The explanation of this disagreement is, therefore, required, either experimentally or theoretically. One consequence of the overestimation of the capture probability at deep sub-barrier energies when one uses quasi-elastic backscattering data, in comparison with those when one uses fusion cross section data, is that the nuclear potential diffuseness parameter extracted from quasi-elastic scattering data should be larger than that extracted from the fusion excitation function data. This is, indeed, what has been reported in literature [2, 3]. Since the theoretical predictions agree with the experimental capture (fusion) cross sections for these systems (for example, see Ref.
[7]), we might suspect that a possible reason for the overestimation of the capture probability from the experimental quasi-elastic data at deep sub-barrier energies is the underestimation of the total reaction differential cross section, that is taken as the Rutherford differential cross section at this energy regime.
IV. CONCLUSIONS
We have found an overestimation of the s-wave capture probability, at very low energies, extracted from the experimental quasi-elastic backscattering data with respect to that ex-tracted from the experimental capture (fusion) excitation function. Then, it is not surprising that there are reported large discrepancies in the nuclear potential diffuseness parameters extracted from the analyzes of the experimental quasi-elastic (or elastic) backscattering and capture (fusion) data. We suggest that it is desirable to have experimental efforts to measure precisely quasi-elastic backscattering excitation functions, as well as further theoretical investigation on this subject. Our study may be useful for current experimental activities in the field, as it puts together different processes. Programme is gratefully acknowledged. . The used experimental quasi-elastic backscattering data are from Refs. [12] . The used experimental capture (fusion) excitation functions are from Refs. [13] (open squares) and [14] (closed squares). and capture (fusion) excitation functions from Refs. [10] and [15, 16] , respectively. The capture probabilities (closed squares) extracted from the experimental capture (fusion) excitation function [16] are shifted by 1 MeV to the lower energies (see text).
